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ABSTRACT 



A flexible connector for vibration isolators, dynamic vibra- 
tion absorbers, and other vibration control devices for 
mechanical systems which is composed of streamlined elas- 
tomeric resilient elements with nonlinear load-deflection 
characteristics. These elements are embedded, possibly 
together with inserts, into a soft matrix which maintains 
relative positioning of the resilient elements and inserts 
while not significantly influencing deformation characteris- 
tics of the resilient elements. The inserts define the external 
shape and modify deformation characteristics of the 
connector, if necessary. 

10 Claims, 3 Drawing Sheets 
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NONLINEAR FLEXIBLE CONNECTORS 
WITH STREAMLINED RESILIENT 
ELEMENTS 

RELATED APPLICATION 

This application is a continuation of application Ser. No. 
08/380,684 filed Jan. 30, 1995, now abn. 

FIELD OF THE INVENTION 

The present invention relates to machine elements, espe- 
cially to vibration isolators, to dynamic vibration absorbers 
and flexible connections for machines, instruments and 
apparatus serving for isolating vibration to and from this 
equipment or for connecting structural components of this 
equipment. 

BACKGROUND OF THE INVENTION 

Conventional flexible connectors, e.g. vibration isolators, 
consist of resilient elements (made of rubber, plastic, cork, 
metal springs, etc.) which are placed between the unit being 
isolated and the support structure, or between structural 
components. Frequently, the connector is designed as a 
self-contained unit in which the resilient element is attached 
to input and output (e.g., top and bottom) covers, thus 
resulting in an easy to handle block. The connectors are 
characterized by their stillness in the orthogonal coordinate 
directions (e.g. X, Y, and Z). While lower stifmess (and 
resulting low natural frequencies of the vibration isolation 
system) in some or all of these directions are desirable, they 
are associated with larger displacements under steady loads 
(e.g. weight load of the isolated object, tangential forces in 
flexible couplings, etc.) and larger excursions under 
dynamic loads (e.g., dynamic vibratory loads transmitted 
from road disturbances to an automotive engine isolated by 
engine mounts). Large displacements and excursions, 
together with large overall dimensions of flexible connectors 
in the directions of these displacements/excursions require 
increased space for packaging. Such space is frequently not 
available (e.g., in engine compartments of surface vehicles). 
This precludes use of the low stiffness flexible connectors, 
such as vibration isolators which otherwise would provide 
more effective isolation of unwanted vibrations. 

In allocating the packaging space for the elastomeric 
flexible connectors, it is universally accepted that scatter of 
their hardness within ±5 units of Shore durometer 
(approximately ±17% in stiffness)is allowable in most cases. 

Especially critical is the packaging problem for flexible 
connectors with elastomeric (rubber) resilient elements 
loaded in compression by the weight load of the supported 
unit. Such mode of loading allows, on one hand, to accom- 
modate large weight and other steady loads with relatively 
small cross sections of the resilient elements. On the other 
hand, allowable continuous compression deformation of 
rubber blocks bonded to covers is 10-15% (e.g., see Shock 
and Vibration Handbook, ed. by C. Harris, 1987, McGraw- 
Hill, N.Y., Ch.35). It means that the dimension of the block 
in the direction of the weight or other steady load is 7-10 
times larger than its steady-load induced deformation, which 
is often unacceptable or inconvenient. 

Also, an increasing continuous (stauc) deformation of a 
resilient rubber block bonded to its covers and loaded in 
compression must be accompanied by increasing of its 
dimensions not only in the direction of compression but in 
the perpendicular directions as well, due to buckling con- 
siderations. This effect further increases the overall dimen- 
sions and weight of isolators. 
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If the bonded rubber block is subjected to intensive 
dynamic exertions causing significant excursions, the 
stresses associated with these excursions are amplified due 
to known stress concentrations at the bonded interfaces 
5 between the rubber block and the covers (especially, in the 
corners). 

It is known that the use of streamlined rubber elements 
such as balls, ellipsoids, toruses, radiaUy-loaded cylinders, 
etc' r allows to significantly (two-three times) increase the 

30 allowable continuous compression deformation (e.g., see 
Kerr, M. L. and Schmitt, R. V, "A New Elastomeric 
Suspension Spring," SAE paper 710058, 1971). Another 
advantage of such streamlined elements is their progres- 
sively non-linear deformation characteristic. These improve- 
rs ments are due to absence of bonding and also due to 
specifics of stress distribution in such elements. However, 
bonding of the streamlined elements into an integrated 
system which is essential for utilization of flexible connec- 
tors in the machine design practice, would negate the noted 

20 advantages. Such compromise solution (spherical rubber 
elements with modified apexes bonded to the cover metal 
plates) was produced, for example, by Lord Corp. under the 
trade name "Lastoflex." 

The present invention addresses the inadequacies of the 

25 prior art by providing a self-contained flexible connector 
using streamlined elastometric elements without compro- 
mising their special deformation properties; which may be 
caused by their bonding to other elements. The connector is 
composed of a single or a plurality of streamlined rubber 

30 elements, possibly in combination with hard material (e.g, 
metal) elements or differently shaped rubber elements 
(inserts) structurally integrated into a self-contained block 
by a soft matrix not influencing, to an undesirable degree, 
deformations of the resilient rubber element under static 

35 and/or dynamic loads. Appropriately shaped attachment and 
fastening features (such as holes, shaped comers, recesses, 
etc.) can be made in the matrix and/or in the inserts. The 
matrix can be made of a flexible foam or a solid (non-foamy) 
material which is significantly softer than the resilient ele- 

40 ments. This arrangement eliminates influence of friction at 
the supporting surfaces on deformation of streamlined rub- 
ber elements and also results in a self-contained integrated 
block which is easy to handle and use in assemblies, while 
assuring the desired relative positions of the resilient ele- 

45 ments and not creating any stress concentrations. Use of 
hard material inserts in this block allows to tailor the desired 
stiffness ratios in different coordinate directions; to reduce 
the overall dimensions while achieving high deformations 
under static loads; and to modify load deflection character- 

50 istics in various directions by an appropriate shaping of the 
inserts. 

SUMMARY OF THE INVENTION 
The present invention provides a flexible connector for 

55 accommodating static and dynamic loads and/or misalign- 
ments between components or units of mechanical systems 
which is designed to utilize nonlinearity and high allowable 
loads and deformations of streamlined elastometric elements 
loaded in compression. The connector comprises at least one 

60 elastometric element of a streamlined shape (such as sphere, 
cylinder, torus, etc.) immersed in a matrix which is made of 
a material having a less resistance to deformation on the 
order of not more than about one sixth (in other words, not 
more than about 17% of the stiffness of) that of the elasto- 

65 metric element, and whose shape is determined by the 
design requirements of the flexible connection. The matrix 
material can be foam rubber or plastic, very soft rubber and 
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plastic, soft natural or synthetic biomaterials, etc. When the element 5) is flat, while the proper location in relation to 

connector is subjected to static and/or dynamic loading, the element 4 is provided by fitting slopes (rand 7. Resilient 

loads are accommodated, essentially, by the streamlined element 2 may be bonded to material of block 3 or just fitted 

elastometric elements) while the matrix assures relative in the shaped cavity. 

location of the elements and their fit with the other structural 5 In operation, resilient element 2 is accommodating static 

components. If the inserts are utilized for modification of and dynamic loads between connected structural compo- 

load-deflection characteristics of the connection for its nents 4 and 5 in all directions whQe utilizing the advantages 

attachment to other structural components, or for other of ils streamlined (cylindrical in this case) shape. Block 3, 

design purposes, the matrix provides for their proper relative made of a much material than element 2, does not 

positioning. The matrix itself also provides required surfaces 10 conl " bule significantly to stillness and damping of the 

for attachment and fastening of the connector to the con- connector and these parameters are determined by the 

nected structural elements. The proposed flexible connector appropriately desired resilient element 2 TTie general 

allows to utilize beneficial properties of the streamlined md f f ° r f 0W , able V H an f 0n of hardn t ess of 

,,,,, . . / l. r, elastomenc elements due to production uncertainties is 

unbonded elastometric components (absence of stress ^ ^ uni(s Qf shofe dm J M for mVbet . mx materials 

concentrations, desirable nonlinear characteristics, btgb is (equiva i ent t0 approximat e ly ±ll % variation of stiffness), 

allowable deformations and loads), and in the same time to ^ cafl be feduced b ^ ments in ^ 

provide significant des.gn flexibd.ty, as well as manufactur- production technology; t0 aboul ll0% sti 4 ess variation . In 

mg simp ici y. suc ^ circumstances, stiffening of the flexible connector by 

BRIEF DESCRIPTION OF THE DRAWINGS 20 * b ° Ut 1 1 °- 1 ? % ^ Ue f° restraint from holdin 8 mal " x c ™ 

be tolerated. This is equivalent to the statement that the 

The present invention can best be understood with refer- holding matrix is on the order of at least six times less stiff 

ence to the following detailed description and drawings in than the embedded in it streamlined elastomenc elements, 

which: The role of block 3 is to properly and securely locate 

FIG. lis a cross-sectional view of one embodiment of the 25 resilient element 2 in relation to the connected structural 

proposed invention showing one streamlined elastometric components 4 and 5. Another role of block 3 is to facilitate 

element embedded in a soft matrix. handling and installation of connector 1. 

FIG. 2 is an axial cross section by A— A of the embodi- In ^ embodiment shown in FIGS. 3, 4, resilient element 

ment in FIG 1 °^ flexible connector 31 is composed of rubber spheres 32 

~ . 4 . . . - ... f „ partially embedded in block 33 made of a soft material, and 

rIG. 3 is a cross-sectional view of another embodiment of 30 . . J A , . _ i - _ , ~. , -j-t, 

t , . . , , , , is located between structural components 34 and 35. The 

the proposed invention showing several streamlined elasto- di es of m ^ £ e Iocadoa 

menc elements partially embedded m a soft matrix. ^ u ^ QQ £ supporting Sl f rf * ce of stmctural 

FIG. 4 is a cross section by B— B of the embodiment in component 34. Hole 37 in block 33 is engaged with guiding 

FIG - 3 - 35 pin 38 provided on structural component 35. 

FIG. 5 is a cross-sectional view of an embodiment of the In this embodiment several streamlined rubber elements 

proposed invention in which the soft matrix is partly placed (spheres) 32 are used, and the task of locating the flexible 

inside a streamlined elastomenc element. element 31 in relation to the connected structural compo- 

FIG. 6 is a cross-sectional view of an embodiment of the nents 34 and 35 is shared between spheres 32 which are 

proposed invention in which shapes of hard inserts allow to ^ engaged with dents 36 and block 33 having hole 37 engaging 

utilize compression loading of the streamlined elastomeric with pin 38 on one structural component, 

elements in two directions. FIG. 5 shows a flexible connector for inertia mass 51 of 

FIG. 7 is a cross-sectional view by D — D of yet another a dynamic vibration absorber. Inertia mass 51 is interacting 

embodiment of the proposed invention showing a plurality with supporting structure 52 via elastomeric sphere 53. 

of streamlined elastomeric elements integrated together with 45 Sphere 53 and inertia mass 51 have central holes to accom- 

hard inserts by a soft matrix. modate guiding pin 54. Tubular foam element 55 locates 

FIG. 8 is a cross section by C— C of the embodiment in P in 54 in s P here 53 and in inertia mass 51 while 

FIG. 7. assuring that there is no direct contact between pin 54 

n .„ . . . , a ... (which is a part of supporting structure 52) and inertia mass 

FIG. 9 illustrates the proposed flexible connector com- 51 sphere 53 

prising streamlined elastomeric elements of various shapes. 50 « ... ... , 

* « _ . . The flexible connector m this case consists of elastomenc 

FIG 10 is a cross-sectional view by E-E of the embodi- sphere 53 and lubular e , ement 55 which SMVW ^ this ^ 

ment shown in FIG. 9. M ^ ^ matrix Presence of elemenl 55 allows for free 

FIGS. 11 and 12 present embodiments of the proposed deformations of sphere 53 under weight of inertia mass 51 

flexible connector for use as vibration isolation pads. 55 and under vibration-induced dynamic loads without being 

D ETA IT Fn DFSPRIPTION OF THF influenced by friction forces between the hole surface of 

^SSSSSS^S^ sphere 53 and wi&cc of gdding pin 54 ln addition * lubuIar 

FKbbbKKbD bMJjUUIMhN FS element 55 eliminates friction between moving inertia mass 

FIGS. 1 and 2 illustrate the proposed flexible connector 1 51 and guiding pin 54 while providing a desired positioning 

composed of elements 2 and 3. Rubber cylinder 2 (resilient 60 of inertia mass along pin 54. 

element) is encased into block 3 of soft porous lor soft solid FIG. 6 illustrates another embodiment of flexible connec- 

malerial. Block 3 can be cast, e.g., using silicone "room tor 61 in which elastometric cylinders 62 are located 

temperature vulcanization" flexible foam, or assembled between hard material covers 63 and 64 and integrated by 

from previously formed components. The shape of block 3 soft matrix 65. Connector 61 is inserted between structural 

is conforming with the shapes of structural components 4, 5 65 components 66 and 67. 

being connected by flexible connector 1. As it can be This flexible connector allows the realization of complex 

observed from FIG. 1, the lower attachment surface (with requirements to stiffness values in different directions of 
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flexible connections between the structural components designed shape by foam matrix 114. While a serpentine 

while using beneficial performance characteristics of pattern of cord 113 is shown, it can be arranged in other 

streamlined elastomeric elements. geometrical shapes, e.g. as a spiral, or the pattern of cord can 

FIGS. 7, 8 show yet another flexible connector 71 in be generated by several cord pieces. FIG. 12 shows another 

which elastomeric elements 72, 73 (rubber spheres) are 5 pad 121 for lower load ratings, in which multiple rubber 

integrated with hard covers 74 and 76 and one intermediate spheres (balls) 123 are positioned in a planar arrangement 

insert 75 by soft matrix material 77. Intermediate insert 75 and surrounded by holding matrix 124. The pads shown in 

is in contact with both sets of elements 72 and 73. Elements FIGS. 11 and 12 can be placed directly under the objects 

72 can be compressed within clearance 78, while elements being isolated, such as machines, or under foundation 

73 can be compressed within clearance 79. Dimensions of 1Q blocks, or as cushioning pads for levelling (e.g., wedge) 
these clearances are determined by dimensions of spheres mounts. For the latter application, which is illustrated in 
72, 73, as well as by designed shapes of insert 75 and covers FIG. 11 (pad 111 is placed on top of wedge 112) the 

Itl 6 ' °? VerS 74 aDd ™ Ca0 considcred 35 inscrts ' preferable thickness of cord or balls is about Vx+U inch, 

While only two covers 74 and 76 and one hard insert 75 while for the applications where lhe pads are placed direclly 

interacting .with elastomeric elements 72 and 73 is shown in under machines or foundation blocks, thickness about Vi-1 .0 

FIGS. 7, 8, additional inserts (not shown m FIGURES), mches would be frequently preferable. 

made of materials of various hardness, shaped in accordance Jhe fQam ho , di ^ m m nG u aQd m . 

with the design needs, and contacting (interactmg) with u shoM ferably , nave a thickness withio ±15 . 20% of 

elastomeric elements can be used to modify load-deflection t . ,,■ mai J\ nC „ n , in . ,, , r . , ,. 

. . . f t . n ... / . ,. the diameter of cord 113 or balls 123. If the holding matrix 

characteristics of the flexible connector in various direc- • , - - t . , , , , , - , , 

20 is too thin, its holding ability would be undesirably 

°°f* , . w ^ ■ « ... . o . . , diminished, if it is too thick, it may undesirably modify 

The embodiment in FIGS. 7, 8 utilizes beneficial features stiffness and dynamic characteristics of the vibration ^ola- 

of deformation characteristics of the streamlined rubber uon pad 

elements 72, 73 while providing an integrated flexible ■ 1-, llL 44L ri , .. 

# . . r ,, ui -ir It is readily apparent that the components of the nonlinear 

connector having a very large allowable compression defor- „ .- V T - . 4 , e n 

. . , ■ 1 i- u j 1 1 1. 25 connections disclosed herein may take a vanety of configu- 

mation in the axial direction combined with relatively small t-,^ . ,. J . A J . b , 

•11- t-u- a- . - u- 11 . - 1 rations. Thus, the embodiments and exemplification s 

axial dimension. Ims effect is achieved due to serial con- . . A , . . e ... r „ 4 . 

P . to j 1 . . 1 c shown and described herein are meant for illustrative pur- 

nection of elements 72 and elements 73 in the direction of „„ coc nnU , , „„ . t A . # ,. t t . 

... , . . j— , . poses only and are not intended to limit the scope of the 

maximum compression loading, e* by weight. Elements ^ ^ tfue of which ^ 

72 and 73 are arranged in a staggered fashion thus reducing 3Q b daims a ded heretQ 

the axial dimension. Dimensions of clearances 78 and 79 can We ^g^. 

be designed to limit the maximum compression of elements « A f . „ nnim t ™. f ♦• 1 a 

n-> a n>\ . * . f t « 4 r . ... 1. A vibration control system for time varying loads, 

72 and 73 and locking? the system in a solid contact .jc. j .--j . 

. t ... _ * , -/ L_ , comprising separated first and second rigid structural corn- 
between hard inserts 74, 75 and 76, 75. These clearances can .„ * ... A t . « . A . & # ,. 
u j r j rr . 1 • ... , . ponents positioned to define a loading axis extending 
be made of different dimensions thus providing a gradual JS £ et we«n iaid structural elements, a flexible vibration control 
increase in stiffness. Elements 72 can have different dimen- dement formed f re]ative ^ elastomeric ^ havi 

sions and shapes than elements 73. . # . . *»u i j- L r 

. .. . v.. - , . , a cross-section m the plane of the loading axis chosen from 

In embodiment streamlined elaslomenc elements 72 the consisting of substantially circular and substan- 

73 together with hard inserts 74 75, 76 provide the required tial , eUi , ica , as , Q jde a jve , nonlinear 
performance characteristics whale soft matnx 77 assures n deformation characteristic in response to loading said body, 
proper positioning of afl constitutive components and inte- having xpamed portions of its surface substantia u y a but- 
grates them mto a self-contained flexible connection which ting said flm and XCQad structural components in the 
can be easdy assembled with other structure components. absence of , oad) „ , hat ^ load ^ d betWBen ^ 
Due to the starred arrangement of elements 72 and 73, the structura , components is transmitted essentially entirely 
total initial (before loading) axial dimension H of the 45 mrough ^ vjbratfon control element normally to its 
aggregate of resd.ent elements 72 and 73 between their sufface> md , resjliem malfix formed of a materia , havi 
apexes is smaller than the sum h,+h 2 of axial dimensions of not more than about on e-sixth the hardness of said vibration 
resilient elements 72 and 73 on the projection of flexible contro , element, the matrix having surface areas in contact 
connector 71 to the p ane perpendicular to the planes of ^ lhe surface of ^ vi5ration raDtro] clcmeQt „ „ t0 
residence of resdient elements 72 and 73. 50 control the position of ^ vibratioD COQtrol dement rdative 

HGS. 9, 10 illustrate flexible connector 91 which utilizes l0 said rigid structural components without significantly 

streamlined elastomeric elements of mixed shapes. Elaslo- restraining load responsive deformation of said vibration 

menc spheres 92 are situated between hard material covers cmlIo] element in d i rections transverse to the loading axis, 

94 and inserts 95; elastomeric ionises 93 are situated whereby the specially advantageous deformation properties 

between inserts 95 and 96. The connection is integrated by 55 0 f the vibration control element are not compromised by its 

a soft matrix 97. joinder with the matrix. 

This embodiment provides double displacement as com- 2. A flexible connector of claim 1 in wherein said matrix 

pared with the embodiment in FIGS. 7, 8 but with less than is made of a flexible foam material, 

double axial dimension, since intermediate insert 96 has a 3. The flexible connector of claim 1, comprising: at least 

smaller thickness than two covers 74, 76 in embodiment of 60 one insert disposed within said matrix and shaped to provide 

FIGS. 7, 8 if two latter connectors were used in tandem. modification of the load-deflection characteristics of said 

Inclined shape 98 of inserts 95 provides enhancement of vibration control element, whereby said matrix embeds said 

horizontal stiffness. Multiple spheres 92 are used on the vibration control element and said insert in the required 

periphery of the connector to compensate for higher load- positions in relation to each other and to said rigid structural 

carrying capacity of torus 93. 65 components. 

FIG. 11 shows a flat vibration isolation pad (mat) in which 4. The flexible connector of claim 1 in which at least one 

rubber cord 113 is placed on a flat surface and kept in a of the separated portions of the surface of the flexible 
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vibration control element is in contact with one of the first 
and second structural components. 

5. The flexible connector of claim 4 which both of said 
separated portions of the surface of the vibration control 
element are in contact with the first and second structural s 
components. 

6. The flexible connector of claim 4 which the separated 
portion of the surface of the flexible vibration control 
element in contact with one of the first and second structural 
elements is bonded to said contacted structural element. 10 

7. The flexible connector of claim 5 in which both of said 
separated portions of the surface of the vibration control 
element are bonded to the structural components. 

8. The vibration control system of claim 1 further com- 
prising a plurality of flexible vibration control elements 
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disposed in two parallel planes perpendicular to the loading 
axis and an intermediate insert disposed between said par- 
allel planes and in contact with all of said resilient elements. 

9. The vibration control system of claim 1 wherein said 
flexible vibration control element comprises a cylindrical 
cord arrayed in a sinuous form in a plane perpendicular to 
the loading axis. 

10. The vibration control system of claim 9 in which said 
cord has a diameter within the range of about Vie-1.0 inches 
and the thickness of said matrix perpendicular to the loading 
axis is within approximately ±15% of the diameter of said 
cord. 

* * * » * 
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